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Description 

[METHOD OF FABRICATING A SOLDER 
MASK AND STRUCTURE OF A 
SUBSTRATE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91118368, filed August 15, 2002. 
Background of Invention 

[0002] Field of the Invention 

[0003] The invention relates in general to a method of fabricating 
a solder mask and a structure of a substrate. More partic- 
ularly, the invention relates to a structure of a substrate 
enduring relatively poor surroundings and a method of 
fabricating a solder mask of the substrate. 

[0004] Description of the Related Art 

[0005] Recently, following the change of electronics technology 
with each passing day, high-tech electronic products with 
relatively comfort and multi-function have been presented 



to the public one after another. The nucleus of the elec- 
tronic products is chips electrically connecting with other 
chips or passive units through a substrate. Generally, 
spread on a surface of the substrate is a solder mask that 
can prevent solder from extending to neighboring con- 
ductive pads during a reflow process and, therefore, can 
avoid short circuits. The method of fabricating the solder 
mask is described as follows. 
[0006] Figure 1 and Figure 2 are schematic cross-sectional views 
showing a process of forming a conventional solder mask 
of a substrate. Referring to Figure 1, After a outermost 
metal layer 910 is formed, a solder mask 920 is formed 
on a surface 902 of the substrate 900 using a spin- 
coating method and the solder mask 920 covers the metal 
layer 910. The material of the solder mask 920 is, for ex- 
ample, a photoimageable dielectric. Subsequently, using 
an exposure process and a developing process, a pattern 
can be transferred to the solder mask 920 so that many 
openings 922 are formed through the solder mask 920 
and expose the metal layer 910, as shown in Figure 2. Fi- 
nally, a curing process is used to harden the solder mask 
920. The manufacture of the solder mask 920 is finished 
so far. The metal layer 910 exposed through the openings 



922 of the solder mask 920 is defined as conductive pads 
912 by which the substrate 900 can be electrically con- 
nected with outer circuits. 
[0007] | n the above process, generally, the dielectric material in- 
side the substrate 900 is bismaleimide-triazine (BT) or 
epoxy resin that is different from the material of the sol- 
der mask 920. Moreover, the glass transition temperature 
of the solder mask 920 is even low. Therefore, the sub- 
strate cannot be applied under poor conditions, for exam- 
ple, under lead-free reflow conditions where the tempera- 
ture should be raised up to over 200 degree. C. or under a 
moisture sensitive condition I or II (MSC I or MSC II). When 
the substrate 900 is under poor surroundings, the expan- 
sion stress of the solder mask 920 can be so high that the 
solder mask 920 can be likely separated from a molding 
compound or from the inner material of the substrate 
900. Consequently, the solder mask 920 is the most frag- 
ile portion in a package structure. 
Summary of Invention 

[0008] it is an objective according to the present invention to 
provide a method of fabricating a solder mask and a 
structure of a substrate with reducing chance that the sol- 
der mask is separated from the inner material of the sub- 



strate. 

[0009] it is another objective according to the present invention 
to provide a method of fabricating a solder mask and a 
structure of a substrate with reducing chance that the sol- 
der mask is delaminated from a molding compound. 

[0010] jo achieve the foregoing and other objectives, the present 
invention provides a substrate comprising a dielectric 
structure, an interconnection structure and a solder mask. 
The interconnection structure interlaces inside the dielec- 
tric structure. The solder mask covers the dielectric struc- 
ture. The material of the solder mask can be the same as 
that of the dielectric structure contacting the solder mask. 
The material of the solder mask can be epoxy resin or 
bismaleimide-triazine. 

[0011] jo achieve the foregoing and other objectives, the present 
invention provides A method of fabricating a solder mask, 
suitable for forming the solder mask onto a semifinished 
substrate. The semifinished substrate includes a dielectric 
structure and an interconnection structure. First, the sol- 
der mask is formed onto the semifinished substrate and 
then a metal layer is formed onto the solder mask. Subse- 
quently, the metal layer is patterned to form at least one 
metal-layer opening through the metal layer and the 



metal-layer opening exposes the solder mask. Next, the 
solder mask is patterned to form at least one solder-mask 
opening through the solder mask. The solder-mask open- 
ing exposes the interconnection structure and connects 
with the metal-layer opening. Finally, the metal layer is 
removed. 

[0012] jo sum UPj t he material of the solder mask can be the 
same as that of a dielectric layer of the dielectric struc- 
ture, the solder mask contacting the dielectric layer, so 
the physical characteristics of the solder mask are similar 
with those of the dielectric layer. Therefore, the connec- 
tion between the solder mask and dielectric layer is excel- 
lent. When the substrate is affected by the heat, both the 
solder mask and the dielectric layer expand to the same 
extent, thereby reducing the expansion stresses created 
between the solder mask and the dielectric layer. There- 
fore, even if the substrate experiences poor conditions, 
the delamination of the solder mask from the dielectric 
layer can be substantially avoided. Moreover, the material 
of the solder mask can be bismaleimide-triazine (BT) or 
epoxy resin, both of which are of high glass transition 
temperature, hence capable of enduring poor conditions. 
Under poor conditions, the solder mask is of relatively low 



expansion rate, so the delamination of the solder mask 
from the dielectric layer and the delamination of the sol- 
der mask from the molding compound can be substan- 
tially avoided. 

[0013] B 0 th the foregoing general description and the following 
detailed description are exemplary and explanatory only 
and are not restrictive of the invention, as claimed. It is to 
be understood that both the foregoing general description 
and the following detailed description are exemplary, and 
are intended to provide further explanation of the inven- 
tion as claimed. 
Brief Description of Drawings 

[0014] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0015] Figure 1 and Figure 2 are schematic cross-sectional views 
showing a process of forming a conventional solder mask 
of a substrate. 

[0016] Figures 3-15 are schematic cross-sectional views showing 
a process of forming a substrate according to a preferred 



embodiment of the present invention. 
Detailed Description 

[0017] Figures 3-15 are schematic cross-sectional views showing 
a process of forming a substrate according to a preferred 
embodiment of the present invention. First, referring to 
Figure 3, a core layer 110 is provided wherein the material 
of the core layer 110 is, for example, bismaleimide-tri- 
azine (BT) or epoxy resin. Formed on the two sides of the 
core layer 110 are many metal layers respectively or 
formed on only one side of the core layer 110 is at least 
one metal layer. The embodiment has an example of a 
four-layer substrate where two metal layers are formed on 
every two sides of the core layer respectively. After the 
core layer 110 is provided, two metal layers 120, 130 are 
respectively formed on the both two sides of the core 
layer 110 using a sputter process, using an evaporation 
process or using an electroless-plating process with an 
electroplating process. Following, a photolithography pro- 
cess and an etching process are used to pattern the metal 
layers 120, 130, as shown in Figure 4. 

[0018] Subsequently, referring to Figure 5, a built-up method can 
be used to fabricate dielectric layers and other metal lay- 
ers on the both two sides of the core layer respectively. A 



spin-coating process can be first used to form dielectric 
layers 140, 150 on the both two sides of the core layer 
110 respectively. The dielectric layer 140 covers the metal 
layer 120 and the core layer 110 and the dielectric layer 
150 covers the metal layer 130 and the core layer 110. 
The material of the dielectric layers 140, 150 is, for ex- 
ample, bismaleimide-triazine (BT) or epoxy resin. After- 
wards, two metal layers 160, 170 are respectively formed 
on the dielectric layers 140, 150 using a sputter process, 
using an evaporation process or using an electroless-plat- 
ing process with an electroplating process. Otherwise, a 
laminate method can be used to fabricate dielectric layers 
and metal layers on the both two sides of the core layer 
respectively. In the laminate method, first, using a sputter 
process, using an evaporation process or using an elec- 
troless-plating process with an electroplating process, the 
metal layers 160 can be formed on a surface 143 of the 
dielectric layer 140 and the metal layers 170 is formed on 
a surface 153 of the dielectric layer 150. Next, using a 
heat press process, the dielectric layers 140, 150 are re- 
spectively pressed onto the both sides of the core layer 
110, wherein another surface 145 of the dielectric layer 
140 is contacted with the metal layer 120 and the core 



layer 110 and another surface 155 of the dielectric layer 
150 is contacted with the metal layer 130 and the core 
layer 110. 

[0019] After the built-up method or the laminate method is used 
to fabricate the dielectric layers 160, 170 and the metal 
layers 160, 170, a photolithography process and an etch- 
ing process are used to pattern the metal layers 160, 170, 
as shown in Figure 6. Many openings 162 exposing the 
dielectric layer 140 are formed through the metal layer 
160. Many openings 172 exposing the dielectric layer 150 
are formed through the metal layer 170. 

[0020] Next, referring to Figure 7, a laser method or a plasma 
method is used to remove the dielectric layers 140, 150 
exposed through the openings 162, 172 respectively so 
that the dielectric layer 140 is formed with a first opening 
142 exposing the core layer 110 and many second open- 
ing 144 exposing the metal layer 120 and the dielectric 
layer 150 is formed with many opening 152 exposing the 
metal layer 130. 

[0021] Following, referring to Figure 8, a sputter process or an 
electroless-plating process with electroplating process is 
used to form a metal layer 180 into the first opening 142 
of the dielectric layer 140, into the second openings 144 



of the dielectric layer 140, on the metal layer 160, on the 
metal layer 120 and on the core layer 110 and to form a 
metal layer 190 into the opening 152 of the dielectric 
layer 150, on the metal layer 170 and on the metal layer 
130. 

[0022] Following, referring to Figure 9, a photolithography pro- 
cess and an etching process are used to pattern the metal 
layer 180 and the metal layer 160. The metal layer 180 
and the metal layer 160 are formed with many openings 

169 and many openings 189 respectively and each of the 
openings 169 is connected with the corresponding open- 
ings 189. The dielectric layer 140, the core layer 110 and 
the first opening 142 of the dielectric layer 140 are ex- 
posed through the openings 169 and the openings 189. 
Moreover, a photolithography process and an etching 
process are used to pattern the metal layer 190 and the 
metal layer 170. The metal layer 190 and the metal layer 

170 are formed with many openings 179 and many open- 
ings 199 respectively and each of the openings 179 is 
connected with the corresponding openings 199. The di- 
electric layer 150 is exposed through the openings 179 
and the openings 199. A semifinished substrate 105 is 
fabricated so far. The semifinished substrate is formed 



with a dielectric structure 102 and an interconnection 
structure 104 wherein the interconnection structure 104 
interlaces inside the dielectric structure 102. The dielec- 
tric structure 102 is constructed from the dielectric layers 
140, 150 and the core layer 110. The interconnection 
structure 104 is constructed from the metal layers 120, 
130, 160, 170, 180 and 190. 
[0023] Next, referring to Figure 10, a built-up method can be 
used to fabricate solder masks and metal layers. A spin- 
coating process can be first used to form a solder mask 
200 into the first opening 142, into the second openings 
144, on the metal layer 180, on the dielectric layer 140 
and on the core layer 110 and to form a solder mask 210 
into the openings 152, on the metal layer 190 and on the 
dielectric layer 150. The solder masks 200, 210 can be a 
material having a glass transition temperature of about 
200. degree. C. or over, for example, bismaleimide-tri- 
azine (BT) or epoxy resin. Afterwards, two metal layers 
220, 230 are respectively formed on the solder masks 
200, 210 using a sputter process, using an evaporation 
process or using an electroless-plating process with an 
electroplating process, as shown in Figure 11. The mate- 
rial of the metal layers 220, 230 is, for example, copper. 



The thickness of the metal layers 220, 230 ranges, for ex- 
ample, from 2 micron meters to 20 micron meters. 

[0024] otherwise, a laminate method also can be used to fabri- 
cate solder masks and metal layers. First, the metal layers 
220, 230 are formed on surfaces of the solder masks 220, 
210 respectively using a sputter process, using an evapo- 
ration process or using an electroless-plating process 
with an electroplating process. Next, using a heat press 
process, the solder mask 200 where the metal layer 220 is 
formed is pressed into the first opening 142, into the sec- 
ond openings 144, on the metal layer 180, on the dielec- 
tric layer 140 and the core layer 110. A heat press process 
is used to press the solder mask 210 on which the metal 
layer 230 is formed into the openings 152, on the metal 
layer 190 and on the dielectric layer 150. 

[0025] Afterwards, referring to Figure 12, a photolithography 
process and an etching process are used to pattern the 
metal layers 220, 230. An opening 222 exposing the sol- 
der mask 200 is formed through the metal layer 220. 
Many openings 232 exposing the solder mask 210 are 
formed through the metal layer 230. 

[0026] Subsequently, a laser method or a plasma method is used 
to remove the solder masks 200, 210 exposed through 



the openings 222, 232 respectively so that the solder 
mask 200 is formed with an opening 202 connecting with 
the opening 222 of the metal layer 220 and the solder 
mask 210 is formed with many openings 212 connection 
with the openings 232 of the metal layer 230. The core 
layer 110, the first opening 142 of the dielectric layer 140 
and the metal layer 180 are exposed through the opening 
202 of the solder mask 200 and the opening 222 of the 
metal layer 220. The metal layer 190 is exposed through 
the openings 212 of the solder mask 210 and the opening 
232 of the metal layer 230. Next, the metal layers 220, 
230 are removed from the surfaces of the solder masks 
200, 210 respectively, as shown in Figure 14. The fabrica- 
tion of a substrate 100 is completed so far. The metal 
layer 180 exposed through the opening 202 of the solder 
mask 200 is defined as conductive pads 188 capable of 
electrically connecting with outer circuits (not shown). The 
metal layer 190 exposed through the opening 212 of the 
solder mask 210 is defined as conductive pads 198 capa- 
ble of electrically connecting with outer circuits. The sub- 
strate 100 is formed with a dielectric structure 102, an in- 
terconnection structure 104 and solder masks 200, 210 
wherein the interconnection structure 104 interlaces in- 



side the dielectric structure 102 and the solder masks 
200, 210 cover the dielectric structure 102 and the inter- 
connection structure 104. The dielectric structure 102 is 
constructed from the dielectric layers 140, 150 and the 
core layer 110. The interconnection structure 104 is con- 
structed from the metal layers 120, 130, 160, 170, 180 
and 190. 

[0027] Following, the substrate 100 can be applied to perform a 
package process, as shown in Figure 15. A chip 310 can 
be mounted in the first opening 142 of the dielectric layer 
140 and fixed on the core layer 110 by an adhesion layer 
320. Using a wire-bonding method, many wires are 
formed to electrically connect the conductive pads 312 of 
the chip 310 with the conductive pads 188 of the sub- 
strate 100. A molding compound 330 is formed to cover 
the chip 310, the wires 340 and the first opening 142 of 
the dielectric layer 140. Many solder balls 350 through 
which the substrate can be electrically connected with 
outer circuits are planted on the conductive pads 198. 

[0028] Moreover, The material of the solder masks 200, 210 can 
be the same as that of the dielectric layers 140, 150 re- 
spectively, so the physical characteristics of the solder 
mask 200 are similar with those of the dielectric layer 140 



and the physical characteristics of the solder mask 210 
are similar with those of the dielectric layer 150. There- 
fore, the connection between the solder mask 200 and di- 
electric layer 140 is excellent and, also, the connection 
between the solder mask 210 and dielectric layer 150 is 
excellent. When the substrate 100 is affected by the heat, 
both the solder mask 200, 210 and the dielectric layers 
140, 150 expand to the same extent, thereby reducing 
the expansion stresses created between the solder mask 
200 and the dielectric layer 140 and between the solder 
mask 210 and the dielectric layer 150. Therefore, even if 
the substrate 100 experencespoor conditions, the delami- 
nation of the solder mask 200 from the dielectric layer 
140 and the delamination of the solder mask 210 from 
the dielectric layer 150 can be substantially avoided. 
Moreover, the material of the solder masks 200, 210 can 
be bismaleimide-triazine (BT) or epoxy resin, both of 
which are of high glass transition temperature, hence ca- 
pable of enduring poor conditions. Under poor conditions, 
the solder masks 200, 210 are of relatively low expansion 
rate, so the delamination of the solder mask 200 from the 
dielectric layer 140, the delamination of the solder mask 
210 from the dielectric layer 150 and the delamination of 



the solder mask 200 from the molding compound 330 can 
be substantially avoided. However, it is not limited that 
the solder masks 200, 210 have the same material as the 
dielectric layers 140, 150 respectively, but the solder 
masks 200, 210 have a coefficient of thermal expansion 
(CTE) substantially equal to the dielectric layers 140, 150 
respectively. 

[0029] | n addition, the method of fabricating the solder mask ac- 
cording to the present invention is not limited to the 
above process. Referring to Figure 14, after the solder 
masks 200, 210 are formed onto the substrate 100, a 
laser-position-drill process can be used directly to form 
many openings 202, 212 through the solder masks 200, 
210 respectively. The openings 202, 212 expose the 
metal layers 180, 190 respectively, defining many con- 
ductive pads 188, 198. Comparing with the above pro- 
cess, the process of forming metal layers onto the solder 
masks can be saved. 

[0030] jo sum UPj the present has the following advantages. 

[0031] i. Referring to the method of fabricating a solder mask 

and the structure of a substrate, the material of the solder 
mask can be the same as that of a dielectric layer of the 
dielectric structure, the solder mask contacting the dielec- 



trie layer, so the physical characteristics of the solder 
mask is similar with those of the dielectric layer. There- 
fore, the connection between the solder mask and dielec- 
tric layer is excellent. When the substrate is affected by 
the heat, both the solder mask and the dielectric layer ex- 
pand to the same extent, thereby reducing the expansion 
stresses created between the solder mask and the dielec- 
tric layer. Therefore, even if the substrate experience- 
spoor conditions, the delamination of the solder mask 
from the dielectric layer can be substantially avoided. 

[0032] 2. Referring to the method of fabricating a solder mask 

and the structure of a substrate, the material of the solder 
mask can be bismaleimide-triazine (BT) or epoxy resin, 
both of which are of high glass transition temperature, 
hence capable of enduring poor conditions. Under poor 
conditions, the solder mask is of relatively low expansion 
rate, so the delamination of the solder mask from the di- 
electric layer and the delamination of the solder mask 
from the molding compound can be substantially avoided. 

[0033] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 



tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



